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REMARKS 

The specification has been amended to correct errors of a 
typographical and grammatical nature. Due to the excessive 
corrections thereto, applicants submit herewith a Substitute 
Specification, along with a marked-up copy of the original 
specification for the Examiner's convenience. Applicants 
submit that the substitute specification includes no new 
matter. Therefore, entry of the Substitute Specification is 
respectfully requested. 

The claims have also been amended to more clearly 
describe the features of the present invention, and the 
abstract has been replaced by a new abstract, while correcting 
errors of a grammatical nature. 

Entry of the preliminary amendments and examination of 
the application is respectfully requested. 

To the extent necessary, applicant's petition for an 
extension of time under 37 CFR 1.136. Please charge any 
shortage in the fees due in connection with the filing of this 
paper, including extension of time fees, to Deposit Account 
No. 01-2135 (501.38383X00) and please credit any excess fees 
to such deposit account. 
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DESCRIPTION 



ROTATING ELECTRIC MACHINE AND COOLING METHOD THEREOF 

Technical Field 

The present invention relates to a rotating electric 

machine in which a cooler for cooling a coolant is provided, 

U>J$ 0j> "t$ cm^^*\ °^ /^C^o^a jJltZku^. y^o^^A. 

^ (and) a (cooling) method^ (thereof) . 

Background &r£) < ^ WcJX^a 

A rotating electric machine in which a cooler for 
cooling a coolant is provided has been A [know§. for example, 
(fronjjjapanese Patent Laid-open Nos . Hei 7-177705 and Hei 
10-146022. The rotating electric machine described in 
these documents is configured such that a space between a 
stator frame and a stator iron core is partitioned into a 
low temperature gas chamber which a coolant at a low 
temperature is supplied ; and a high temperature gas chamber^ 
in which the heated coolant f lows(^ and ^plurality of 
coolers distributed in the axial direction are provided in 
a foundation pit under the rotating electric machine, 
fwher'ein^e coolant cooled by the plurality of coolers and 
boosted by a ventilating^ an is introduced to/ heat sources^ 
such as(afi)7iron core and * coils, via the low temperature gas 
chamber^ and the coolant (having^been used for cooling the 
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heat sources is (introduced)^ the coolers via the high 
temperature gas chamber. 

The above -described rotating electric machine, 
however, has a problem. Since the coolantjfhavin^ passed 
through one or two or more of the heat sources is 
introduced to a central portion gn the axial direction] of 
the iron core, the temperature of the coolant is raised 
before the coolant reaches the central portion (in the axiag 
(j|irection)of the iron core. Accordingly, for the above- 
described rotating electric machine, if a thermal load 
generated from the heat sources^ such as ^ he iron core and 
coils, becomes large with an increase in j generation capacity 
or in^loss density, the cooling effect of the coolant 
introduced to the central portion (in the axial direction] of 
the iron core is significantly degraded. ^As^a result , A the 
above-described rotating electric machine (hai^ a possibility 
that local heat generation (occur sjjin a g^between the 
stator iron core and a rotor iron core.jito increase the 
thermal oscillation stroke of the rotor due to uneven 
thermal expansion of the rotor in the axial direction. 

To solve the above -described problem, there may be 
considered a method of increasing the amount of the coolant 
or optimizing the distribution of the amounts of the 
coolant components supplied to respective ventilating 
passages by adjusting the ventilating resistance; however. 
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according to the former method, the ventilation loss of the 
coolant caused upon boosting the coolant by the fan becomes 
larger, to increase the total loss in /coolant; and^ 
according to the latter method, since the ventilation 
resistance must be adjusted while the desired electric and 
mechanical characteristics are satisfied in ©^limited 
space, it is difficult to optimize the distribution of the 
coolant components supplied to the respective ventilating 
passages . 

{Disclosurejjof ^Invention 

An object of KJT^ & 

rotating electric machine* capable of ; (leveling the) axial 
temperature rise distribution (in the machinj. and a cooling. 

method thereof. 

The basic feature of the present invention is to 
supply a coola^tufficiently cooled^ to a central portion 
(in the axial direct io^ of an iron core which is most 
distant from both axial ends of the iron core. To realize 
(th^J feature of the present invention, a plurality of 
ventilating passages, which continuously extend in the 
peripheral direction, are provided in the axial direction 

hetween a stator frame ^^i^^^ 00 ^ 
are provided in at least those^ communicated to) A the central 
portion (in the axial direction) of the iron core, of the 
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plurality of ventilating passages formed in the axial 
direction, wherein the coolant boosted by a booster is 
cooled by the coolers and is allowed to flow to the central 
portion £n the axial direction) of the iron core in the 
direction from the outer peripheral side to the inner 
peripheral side of the iron core via the ventilating 
passages (communicated to the central portion in the axiaT) 
direction of the iron coref. 

If £he) ventilating passages (of even numbers) are 
provided, two to four of the ventilating passages, which 
are located on the central side, constitute the ventilating 
passagesg^nunicatea to) the central. portion gn the ax.aj] 
(airectlonj of the Iron core. If (th^ ventilating passages (of} 
(baa numberi)are providea. one to three of the ventilating- 
passages, which are loc^^on^t^traj siae. constitute 
the ventilating passages (communicated to); the central 
portion (in the axial direction) of the iron core. The 
number of the ventilating passages is dependent on the 
capacity of the rotating electric machine. For example, 
for a generator having a generation capacity of 100 MW 
class, at least three ventilating passages are provided, 
and for a generator having a generation capacity of 350 MW 
class or more, ^ventilating passages (Sf the number of 7 toj 
(l0 or more) are provided. 



According to the above feature of the present 
invention . fcgiere can be obtained an effect of leveling] the 
axial temperature rise distribution in the machine. In 
particular, the above feature is effective jto^a rotating 
electric machine in which the axial length is long and air 
is used as a coolant, for example, an air-cooled generator 
having a large capacity- Air which is larger in viscosity 

than hydrogen exhibits a high ventilating resistance (upon) A 

<\ _<\ 
glowing in (thejlgenerator , to thereby cause (th^, temperature 

rise. The longer the ventilating distance of air. the 
larger the ventilating resistance^. As a result, for a 
generator (bein§) /longer in axial length and larger in 
capacity, the temperature rise of jair becomes significantly 
larger, and the amount of the air supplied. to the central- . 
portion (Ln the axial direction] of an iron core becomes 
smaller. 

Accordingly, a small amount of air whose temperature 
is raised is supplied to the central portion (in the axial) 
^direction) of the iron core which is most distant from both 
the axial ends of the iron core, with a result that there 
occurs a difference in temperature between each of the 
axial ends of the iron core and the central portion (in the] 
fexial direction) of the iron core. According to the present 
invention \capable of supplying) a coolant i sufficiently 
cooled to the central portion (in the axial directionj of the 
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iron core, however, it is j possible to suppress the 
temperature rise of the central portion {in the axial] 
^direction] of the iron core (a^an allowable value or less, 
and^hence^to level the axial temperature rise distribution 
in the machine . 

The leveling of the axial temperature rise 
distribution in the machine means that the temperature rise 
of the central portion fin the axial direction] of the iron 
core is suppressed jat^ an allowable value or less, to reduce 
the difference in temperature between each of the axial 
ends of the iron core and the central portion (in the axial) 
direction) of the iron core. Accordingly, there is |any} imt 
variation in the axial temperature rise distribution in the 
machine . 

Brief Description of Drawings 

Fig- 1 is a perspective view, with parts partially 
cutaway, showing the external appearance and inner 
configuration of a turbine generator according to a first 
embodiment of the present invention; 

OA 

Fig. 2 is a plan view, Aseen in the direction shown 
by an arrow II of Fig. 1, showing the external 

configuration of the turbine generator ; 

OA 

Fig. 3 is a plan view, iseen in the direction shown 
by an arrow III of Fig. 2, showing the external 
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configuration of the turbine generator; 

Fig. 4 is a sectional view taken on line IV- IV of 
Fig. 1, showing the inner structure of a portion, 
positioned under a rotating shaft, of the turbine 
generator; 

Fig. 5 is a perspective view showing the external 
configuration of a turbine generator according to a second 
embodiment of the present invention; 

Fig. 6 is a sectional view taken on line VI -VI of 
Fig. 5, showing the inner structure of a portion, 
positioned over a rotating shaft, of the turbine generator; 

Fig. 7 is a sectional view showing the inner 
structure of a portion, positioned over a rotating shaft, 
of a turbine generator according to a third embodiment; 

Fig. 8 is a sectional view showing the inner 
structure of a portion, positioned over a rotating shaft, 
of a turbine generator according to a fourth embodiment of 
the present invention; 

Fig. 9 is a sectional view showing the inner 
structure of a portion, positioned under a rotating shaft, 
of a turbine generator according to a fifth embodiment of 
the present invention; 

Fig. 10 is a front view showing the external 
configuration of a turbine generator according to a sixth 
embodiment of the present invention; 
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Fig. 11 is a side view, j( seen in the direction shown 
by an arrow XI of Fig. 10, showing the external 
configuration of the turbine generator; 

Fig. 12 is a sectional top view taken on line XII- 
XII of Fig. 11, showing the inner configuration of the 
turbine generator ; 

Fig. 13 is a sectional view showing the inner 
configuration of a portion, positioned under a rotating 
shaft, of a turbine generator according to a seventh 
embodiment of the present invention; and 

Fig. 14 is a sectional view showing the inner 
configuration of a portion, positioned under a rotating 
shaft, of a turbine generator according to an eighth 
embodiment of the present invention. 

Best Mode for Carrying Out the Invention 

Hereinafter, ^embodiments of the present invention 
will be described with reference to the drawings . 
(First Embodiment) 

Figs. 1 to 4 show (a)J configuration of a turbine 
generator according to a first embodiment of the present 
invention. The turbine generator in this embodiment is of 
an enclosed type (or a full-closed type) in which the 
inside of the generator is cooled with a coolant enclosed 
in the generator. In these figures, reference numeral 1 
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designates a stator frame. A cylindrical stator iron core 
2 is provided inside the stator frame 1. A plurality of 
slots 3, which continuously extend in the axial direction, 
are formed in an inner peripheral portion of the stator 
iron core 2 in such a manner as to extend in the peripheral 
direction. Stator coils 4 are enclosed in the slots 3. A 
plurality of ventilating ducts 5, which continuously extend 
in the radial direction, are formed in the stator iron core 
2 in such a manner as to be spaced from each other at equal 
intervals in the axial direction. 



peripheral side of the stator iron core 2^with an air gap 6 
putf\ between the rotor iron core 7 and the stator iron core 



extend in the axial direction, are formed in an outer 
peripheral portion of the rotor iron core 7 in such a 
manner as to extend in the peripheral direction. Rotor 
coils (not shown) are enclosed in the slots of the rotor 
iron core 7. Cylindrical retaining rings 8 for pressing 
both ends of the rotor coils are provided at both ends of 
the rotor iron core 7. A rotating shaft 9 is provided 
integrally with the rotor iron core 7 in such a manner as 
to extend in the axial direction along the central axis of 
the rotor iron core 7 . 




2. 



A plurality of slots (not shown), which continuously 
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Annular end brackets 10 functioning as block members 
are provided at both axial ends of the stator frame 1 . A 
bearing apparatus 11 for rotatably supporting the rotating 
shaft 9 is provided on the inner peripheral side of each 
end bracket 10. A current collector 12 for supplying [a) 
power to the rotor coils during rotation is provided at one 
end (outside the bearing apparatus 11) of the rotating 
shaft 9. The current collector 12 is configured to 
electrically connect the stator side to the rotor side by 
bringing carbon brushes into press-contact with a current- 
collecting ring provided at the one end (outside the 
bearing apparatus 11) of the rotating shaft 9 . A 
connecting portion connected to a turbine/\as a (rotating 
source (o^;the generator^ is formed at the other end (outside - 
the bearing apparatus 11) of the rotating shaft 9. 

Fans 13 for boosting a coolant enclosed in the 
generator and circulating it in the generator are provided 
at both ends (inside the bearing apparatuses 11) of the 
rotating shaft 9. While the fans 13 are used as (the] 
boosters for boosting (a^ coolant in this embodiment, other 
types of boosters may be used. The fans 13 provided at 
both (the) ends (outside the bearing apparatuses 11) of the 
rotating shaft 9 are right -left symmetrical with respect to 
a center line 14. The center line 14 is a bisector which 
crosses the rotating shaft 9 at right angles at such a 



C1*P50 , 37 P 6,S ,033:10 



- 11 



position as to equally divide {^distance between the end 
brackets 10 into Itwci) right-left symmetric parts. 

Terminals 15 for three-phases^ are provided on the 
upper surface of the stator frame 1 in such a manner as to 
project upwardly therefrom. The terminals 15 are used for 
taking (a) generated power out of the stator coils 4 } JLA^t 
electrically connected to the terminals 15. Hoisting 
accessories 16 are provided on the front surface of the 
stator frame 1 at two positions and on the back surface 
thereof at two positions. For example, when installed in a 
foundation pit 17, the generator main body is hoisted by a 
crane via wires fastened to the hoisting accessories 16. 

Ventilating passages 18a to 18g, which continuously 
extend in the peripheral direction, are provided between' • . 
the stator frame 1 and the stator iron core 2 in parallel 
to each other in the axial direction. The ventilating 
passages 18a to 18g are formed by a plurality of annular 
partition plates 19 for partitioning (a)|space between the 
stator frame 1 and the stator iron core 2 in the axial 
direction, the inner surface of the stator frame 1. and the 
outer peripheral surface of the j3ta±or jLron^core 2 . and (arej 
^oranunicated tq^the ventilating ducts 5 A - The ventilating 
passages 18a to 18g are right-left symmetrical with respect 
to the center line 14. 



Ventilating ducts 22a to 22c , extending in the axial 
direction, are provided on the back surface of the stator 
frame 1 in parallel £6), each other in (the)* direct ion 
perpendicular to the axial direction. The ventilating 
ducts 22a and |20c^form ventilating passages 20 continuously 
extending in the axial direction. The ventilating passages 
20 [are communicated to^the ventilating passages 18b, 18d, 
and 18f . The ventilating duct 22b forms a ventilating 
passage 21 continuously extending in the^axia^ 
The ventilating passage 21 (is communicated tq)jthe 
ventilating passages 18a, 18c, 18e, and 18g. 

Ventilating passages 23 to 26, which continuously 
extend in the radial direction, are provided between the 
stator iron core 2 and the end brackets 10. The 
ventilating passages 23 to 26 are formed by partitioning a 
space between the stator iron core 2 and the end bracket 10 
(^alnular partitioning (planes^ 27 facing {to^ the outer 
peripheral side of the fan 13. The ventilating passages 23 
and 24, each of which (communicates) ; the discharge side of 
the fan 13 feo^the ventilating passage 20, are right-left 
symmetrical with respect to the ^^J^i^^ ife 
ventilating passages 25 and 26, each of which (communicate s) A 
the suction side of the fan 13 (teethe ventilating passage 
21. are right -left symmetrical with respect to the center 
line 14. 
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Each of the ventilating passages 18a to 18g is 
provided with a cooler [28^ for cooling a coolant enclosed in 
the generator. The coolers 28a to 28g are arranged under 
the generator in such a manner as to be aligned in a row in 
the axial direction. It should be noted that the coolers 
28a to 28g,may be arranged on the upper portion of the 
generator. The coolers 28a to 28g are j right -left 
symmetrical with respect to the center line 14. A pipe 
line 29 for supplying cooling water and a [pile]) line 30 for 
discharging cooling water are connected to each of the 
coolers 28a to 28g. The coolers 28a to 28g are identical 
to each other in cooling capacity, but are different from 
each other in external size depending on the size of the 
ventilating passage 18 on which the cooler is provided. In 
this embodiment, since the axial width of each of the 
ventilating passages 18b and 18f is smaller than that of 
each of the remaining ventilating passages, the axial width 
of each of the coolers 28b and 28f is made smaller than 
that of each of the remaining coolers . 

A plurality of ventilating circuits configured by 
the above -described ventilating passages, etc. are formed 
in the generator. A first ventilating circuit 29, a second 
ventilating circuit 30, and a third ventilating circuit 31 
are formed on one side (left side in Fig. 4) ffromtythe 
center line 14, and similarly three ventilating circuits 



3^50^7' !BB .033100 



- 14 - 

are formed on the other side (right side in Fig. 4) £rom| A 
the center line 14. The three ventilating circuits formed 
on the one side from the center line 14 are right -left 
symmetrical) to the three ventilating circuits formed on the 
other side from the center line 14. Further, the flow of a 
coolant and the temperature rise characteristic on t^^J 
side from the center line 14 are right-left symmetrical; to 
those on the other side from the center line 14. Therefore, 
the configuration of the ventilating circuits and the flow 
of a coolant on (throne side groii^the center line 14 will 

be described below. 

The first ventilating circuit 29 is a closed loop 
designated by a solid arrow in Fig. 4, which extends from 
the discharge side of the fan 13 to^thj^ ventilating duct' 5 
via the air gap 6. further (extending)jf rom the ventilating 
duct 5 to the cooler 28a via the ventilating passage 18a, 
and>xtends from the cooler 28a to the suction side of the 
fan 13 via the ventilating passages 21 and 25. In the 
first ventilating circuit 29, heat sources giving heat to 
the ventilating passages 18a. air gap 6 and ventilating 
duct 5 are connected in series to the cooler 28a. The heat 
source giving heat to the air gap 6 and the ventilating 
passage 18a is the stator iron core 2 generating iron loss, 
and the heat sources giving heat to the ventilating duct 5 
are the stator iron core 2 generating iron loss and the 
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stator coils 4 generating copper loss. 

The second ventilating circuit 30 is a closed loop 
designated by a dotted arrow in Fig. 4, which extends from 
the discharge side of the fan 13 to the cooler 28b via the 
ventilating passage 23. further (extending)^ rom the cooler 
28b to the cooler 28c via the ventilating passage 18b, 
ventilating duct 5, air gap 6, ventilating duct 5. and 

Jul . 

ventilating passage 18c, and; extends from the cooler 28c to 
the suction side of the fan 13 via the ventilating passages 
21 and 25. In the second ventilating circuit 30, heat 
sources and the coolers are alternately arranged in series, 
and j more specifically, the heat sources giving heat to the 
ventilating passage 23, the cooler 28b, the heat sources 
giving heat to the ventilating passages 18b and 18c, air • 
gap 6 and ventilating duct 5, and the cooler 28c are 
arranged in this order. The heat source giving heat to the 
air gap 6 and ventilating passages 18b and 18c is the 
stator iron core 2 generating iron loss, and the heat 
sources giving heat to the ventilating duct 5 and the 
ventilating passage 23 are the stator iron core 2 
generating iron loss and the stator coils 4 generating 
copper loss. 

The third ventilating circuit 31 is a closed loop 
designated by a dotted arrow in Fig. 4, which extends from 
the discharge side of the fan 13 to the cooler 28d via the 
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ventilating passage 23, further (extending); from the cooler 
28d to the cooler 28c via the ventilating passage 18d, 
ventilating duct 5, air gap 6, ventilating duct 5, and 
ventilating passage 18c, andj extends from the cooler 28c to 
the suction side of the fan 13 via the ventilating passages 
21 and 25. In the second ventilating circuit 30, heat 
sources and the coolers are alternately arranged in series, 
and more specifically, the heat sources giving heat to the 
ventilating passage 23, the cooler 28d, the heat sources 
giving heat to the ventilating passages 18d and 18c, air 
gap 6, and ventilating duct 5, and the cooler 28c are 
arranged in series in this order. The heat source giving 
heat to the air gap 6 and the ventilating passages 18d and 
18c is the stator iron core 2 generating iron loss, and the. 
heat sources giving heat to the ventilating duct 5 and the 
ventilating passage 23 are the stator iron core 2 
generating iron loss and the stator coils 4 generating 
copper loss . 

The flow of the coolant will be described below. The 
coolant enclosed in the generator, which is boosted by 
rotation of the rotating shaft 9, flows from the discharge 
side of the fan 13 to each ventilating circuit. In the 
ventilating circuit 29, the coolant boosted by the fan 13 
flows axially in the* air gap 6 to the ventilating duct 5 



(communicated to^:he ventilating passage 18a. The coolant 
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jhavingj^ reached the ventilating duct 5 {communicated tojjthe 
ventilating duct 18a flows in the ventilating duct 5 from 
the inner peripheral side to the outer peripheral side of 
the stator iron core 2, that is, to the ventilating passage 
18a while cooling the inside of the^£tjt|^iron core 2 and 
the stator coils 4. The coolant [having^ reached the 
ventilating passage 18a cools the outer peripheral side of 
the stator iron core 2Q and flows in the ventilating^ 
passage 18a to the cooler 28a. The coolant (having reached 
the cooler 28a is cooled by the cooler 28aQ and flows from 
the cooler 28a to the suction side of the fan 13 via the 
ventilating passages 21 and 25. 

In the second ventilating circuit 30, the coolant 
boosted by the fan 13 flows radially in the ventilating 
passage 23 to the ventilating passage 20 while cooling the 
end portion of the stator iron core 2 and the coij^jn^^ 
portions of the stator coils 4. The coolant (havingj^reached 
the ventilating passage 20 flows axially in th^^gr^tilating 
passage 20 to the cooler 28b. The coolant (having reached 
the cooler 28b is cooled by the cooler 28b£j and flows in 
the ventilating passage 18b in the peripheral direction 
while cooling the outer peripheral portion of the stator 



iron core 2 and reaches the ventilating duct 5 Communicated)/, 
^ the ventilating passage 18b. The coolantj(having) reached 
the ventilating duct 5 ^communicated to^the ventilating 
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passage 18b flows in the ventilating duct 5 from the outer 
peripheral side to the inner peripheral side of the stator 
iron core 2, that is, to the air gap 6 while cooling the 
inside of the stator iron core 2 and the stator coils 4. 

The coolant ^having^reached the air gap 6 flows 
axially in the air. gap 6 to the ventilating duct 5 



(communicated tojjthe ventilating passage 18c whxle cooling 
the inner^periDheral side of the stator iron core 2. Tne ^__^ ^jj/ 
coolant (havingjjreached the ventilating duct 5 (communicated^ 
[to] the ventilating passage 18c flows in the ventilating 
duct 5 from the inner peripheral side to the outer 
peripheral side of the stator iron core 2, that is, to the 
ventilating passage 18c while cooling the inside of the 
stator iron core 2 and the stator coils 4. The coolant 
{having);reached the ventilating passage 18c cools the outer 
peripheral side of the stator iron core 2£j and flows in the 

ventilating passage 18c to the cooler 28c. The coolant 

vJ^Jk (Wo 

(havingtyreached the cooler 28c is cooled by the cooler 28c, 
and flows from the cooler 28c to the suction side of the 
fan 13 via the ventilating passages 21 and 25. 

In the third ventilating circuit 31, the coolant 
boosted by the fan 13 flows radially in the ventilating 
passage 23 to the ventilating passage 20 while cooling the 
end portion of the stator iron core 2 and the coil-end 
portions of the stator coils 4. The coolant {Having) reached 
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the ventilating passage 20 flows axially in the ventilating 
passage 20 to the cooler 28d. The coolant (Ravingjjreached 
the cooler 28d is cooled by the cooler 28dQ and flows in 
the ventilating passage 18d in the peripheral direction 
while cooling the outer peripheral side of the stator iroa 
core 2 and reaches the ventilating duct 5 (coiranunicated to),, 
the ventilating passage 18d. The coolant (having /reached 
the ventilating duct 5 (communicated to)) the ventilating 
passage 18d flows in the ventilating duct 5 from the outer 
peripheral side to the inner peripheral side of the stator 
iron core 2, that is, to the air gap 6 while cooling the 
inside of the stator iron core 2 and the stator coils 4. 

The coolant (fiavingj^reached the air gap 6 flows 
axially in the air jiap to the ventilating duct 5 
{communicated tofythe ventilating passage 18c while cooling 
the inner peripheral side of the stator iron core 2. The * 
coolant (having) reached the ventilating duct 5 (communicated)/ 
(t^ the ventilating passage 18c flows in the ventilating 
duct 5 from the inner peripheral side to the outer 
peripheral side of the stator iron core 2, that is, to the 
ventilating passage 18c while cooling the inside of the 
stator iron core 2 and the stator coils 4. The coolant 
(having)j(reached the ventilating passage 18c cools the outer 
peripheral side of the stator iron core 2/Tj and flows in the 
ventilating passage 18c to the cooler 28c. The coolant 
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(toJi^reached the cooler 28c is cooled by the cooler 28c, 
and flows from the cooler 28c to the suction side of the 

fan 13 via the ventilating passages 21 and 25. 

1th. 

According to (thi^embodiment configured as described 
above, the coolant boosted by the fan 13 is introduced to 
the ventilating passage 18d positioned at the central 
portion (in the axial direction) of the stator iron core 2, 
being cooled by the cooler 28d, and is allowed to flow from 
the outer peripheral side to the inner peripheral side of 
the stator iron core 2, so that the coolant sufficiently 
cooled by the cooler can be supplied to the central portion 
(in the axial direction^ of the stator iron core 2 . 

Accordingly, the central portion (In the axial] 
(direction) of the stator iron core 2 at which the • - 

temperature of the supplied coolant tends to become highest 
and the amount of the supplied coolant tends to become 
smallest can be cooled by the coolant^ sufficiently cooled 
by the cooler, and thereby local heat generation in the air 
gap 6 can be suppressed. This makes it possible to level 
the axial temperature rise distribution in the generator 
and hence to suppress the thermal oscillation stroke of the 

rotor. 

(Second Embodiment) 

Figs. 5 and 6 show a configuration of a turbine 
generator according to a second embodiment. The turbine 



generator in this embodiment is of an enclosed type (or a 
full-closed type) like the turbine generator in the first 
embodiment ^but is shorter in axial length (or smaller in 
generation capacity) than the turbine generator in the 
first embodiment. Further, the turbine generator in this 
embodiment is configured such that the coolers 28 and the 
ventilating passages 20 and 21 provided in the lower 
portion of the generator in the first embodiment are 
provided in an upper portion of the generator . 

Ventilating passages 18a to 18d, which continuously 
extend in the peripheral direction, are provided between a 
stator frame 1 and a stator iron core 2 in parallel (to) jeach 
other in the axial direction The ventilating passages 18b 
and 18c are (communicated toll a ventilating passage 20, and 
the ventilating passages 18a and 18d are (communicated to>a 
ventilating passage 21. Coolers 28a and 28d are provided 
in the ventilating passage 21 in such a manner as to be 
right-left symmetrical with respect to a center line 14. 
and coolers 28b and 28c are provided in the ventilating 
passage 20 in such a manner as to be right -left symmetrical 
with respect to the center line 14. The coolers 28a to 28d 
are aligned in a row in the axial direction. ^ 

The coolers 28b and 28c are smaller in size, that ±s./-a-*«~ 
cooling capacity than the coolers 28a and 28d. One reason 
for this is that the coolers 28b and 28c are used for 
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cooling part of a coolan^Jhaving^ been cooled by the coolers 
28a and 28d, and therefore, it is sufficient for the 
coolers 28b and 28c to be smaller in cooling capacity than 
the coolers 28a and 28d. This is advantageous in terms of 
cooling efficiency. Another reason is that^ since the 
ventilating passage 20 in which the coolers 28b and 28c are 
provided is smaller than the ventilating passage 21 in 
which the coolers 28a and 28d are provided, the sizes of 
the coolers 28b and 28c must be made smaller those of the 
coolers 28a and 28d. It should be noted that the coolers 
28a to 28d may be arranged in the lower portion of the 

generator. ^ 

The other fconf igurationji of this embodiment the 

— 

same as \that|jOf the first embodiment, and therefore, £he> . 

(oyerlappedjj.description thereof is omitted. In additxon, 
since the ventilating passages and coolers are respectively 
right-left symmetrical with respect to the center line 14, 
and also the flow of a coolant and the temperature rise 
characteristic are respectively right -left symmetrical with 
respect to the center line 14, the configuration on^one 
side (fron^the center line 14 will be described below. 

The flow of a coolant will be described [belo^. When 
a fan 13 is rotated along with rotation of a rotating shaft 
9 . a coolant enclosed in the generator is boosted^ and is 
allowed to flow in respective ventilating passages. The 
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coolant discharged on the discharge side of the fan 13 is 

ffvM 

branched into component on a ventilating passage 23 side 

JjA ^ ' 

and (the other)) component on an air gap 6 side. The coolant 
component branched on the air gap 6 side flows in an air 
gap 6 to a ventilating duct 5 (communicated toyjthe 
ventilating passage 18a while cooling the inner peripheral 
side of the stator iron core 2 . 

The coolant component (havin|))reached the ventilating 
duct 5 (communicated teethe ventilating passage 18a flows in 
the ventilating duct 5 from the inner peripheral side to 
the outer peripheral side of the stator iron core 2, that 
is, to the ventilating passage 18a while cooling the inside 
of the stator iron core 2 and stator coils 4. The coolant 
componentjjhaving} reached the ventilating passage 18a cools 
the outer peripheral side of the stator iron core 2(7) and 
flows from the ventilating passage 18a to the cooler 28a 
via the ventilating passage 21. The coolant component 
(havinHjreached the cooler 28a is cooled by the cooler 2 Bay 
and flows from the cooler 28a to the suction side of the 
fan 13 via the ventilating passage 25. 

The coolant component branched on the ventilating 
passage 23 side flows radially in a ventilating passage 23 
to the ventilating passage 20 while cooling the end portion 

of the stator iron core 2 and the coil ^ n j^ P ^ i ° nS ° f thS 
stator coils 4. The coolant component (ftaving)j[ reached the 
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ventilating passage 20 flows axially in the ventilating . 
passage 20 to the cooler 28b. The coolant component^having^ 
reached the cooler 28b is cooled by the cooler 28b, and 
flows from the cooler 28b to the ventilating passage 18b. 
The coolant component (having) jreached the ventilating 
passage 18b cools the outer peripheral side of the stator 
iron core 2, and flows in the ventilating passage 18b to 
the ventilating duct 5 jcommunicated to)ji:he ventilating 

passage 18b. J)_A (U 

The coolant gomponent^havingj reached the ventilating 
duct 5 (communicated tojjthe ventilating passage 18b flows in 
the ventilating duct 5 from the outer peripheral side to 
the inner peripheral side of the stator iron core 2, that 
is, to the air gap 6 while cooling the inside of the stator. 
iron core 2 and the stator coils 4. The coolant component 
(having^ reached the air gap 6 flows axially In the air gap 6 
to the ventilating duct 5 (communicated to^the ventilating 
passage 18a while cooling the inner peripheral pi&e of the 
stator iron core 2 . The coolant component (havingj^ reached 
the ventilating duct 5 (communicated tojythe ventilating 
passage 18a flows in the ventilating ducts 5 together with 
the above -described coolant component which has been 
branched from the discharge side of the fan 13 onto the air 
gap 6 side. 
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According to this embodiment, part of the coolant 
cooled by the cooler 28a (or 28d) and boosted by the fan 13 
is branched; andj the coolant component thus branched is 
cooled by the cooler 28b (or 28c), being introduced to the 
ventilating passage 18b (or 18c) positioned at the central 
portion Jin the axial directionj of the stator iron core 2, 
and is allowed to flow from the outer peripheral side to 
the inner peripheral side of the stator iron core 2^ and] . 
^ (accordingly, it is possible to supply the coolant ^ tJL^A^ 
sufficiently cooled by the cooler^ to the central portion in 
the axial direction of the stator iron core 2. 

As a result, according to this embodiment, the 
central portion (in the axial direction) of the stator iron 
core 2 at which the temperature of the supplied coolant 
tends to become highest and the amount of the supplied 
coolant tends to become smallest can be cooled by the 
coolant; suf f iciently cooled by the cooler, so that it is 
possible to suppress local heat generation in the air gap 6, 
and hence to level the axial temperature rise distribution 
in the generator. 
(Third Embodiment) 

Fig. 7 shows a configuration of a turbine generator 
according to a third embodiment. This embodiment is a 
variation of the second embodiment, characterized in that 
the axial length of the turbine generator in this 
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embodiment is longer than that of the turbine generator in 
the second embodiment. Ventilating passages 18a to 18e, 
which continuously extend in the peripheral direction, are 
provided between a stator frame 1 and a stator iron core 2 
in parallel to each other in the axial direction. Thie^^^^ ^ 
ventilating passages 18a, 18b, 18d and 18e are (communicated^ 
fEo\ a ventilating passage 21, and the ventilating passage 
18c is ^communicated to)^a ventilating passage 20. Coolers 
28a and 28c are provided in the ventilating passage 21 in 
such a manner as to be right -left symmetrical with respect 
to a center line 14. and a cooler 28b is provided in the 
ventilating passage. 20 at a communicating portion 
(communicated to^the ventilating passage 18c. The cooler 
28b is smaller in size or cooling capacity than each of the. 
coolers 28a and 28c. 

The other (conf igurationUof this embodiment (is))the 
same as (thai} of the second embodiment, and^theref ore . (thej 
(oyerlapped)jydescription thereof is omitted. In additxon, 
since the ventilating passages and coolers are respectively 
right-left symmetrical with respect to the center line 14, 
and also the flow of (a) coolant and the temperature rise 
characteristic are respectively right-left symmetrical with 
respect to the center line 14, the configuration onjone 
side gromjjlhe center line 14 will be described below. 
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The flow of a coolant will be described [belov^. When 
a fan 13 is rotated along with rotation of a rotating shaft 
9, a coolant enclosed in the generator is boosted^] and is 
allowed to flow in respective ventilating passages. The 
coolant discharged on the discharge side of the fan 13 is 
branched (on a) component on a ventilating passage 23 side 
and ^the othej ^component on an air gap 6 side. The coolant 
component branched on the air gap 6 side flows in.an air 
gap 6 to ventilating ducts 5 (communicated to)jthe 
ventilating passages 18a and 18b while cooling the inner 
peripheral side of the statojc^j^i^jcore 2. 

The coolant component (havingjj reached the ventilating 
ducts 5 (communicated to^the ventilating passages 18a and 
18b flows in the ventilating ducts 5 from the inner • - 

peripheral side to the outer peripheral side of the stator 
iron core 2, that is, to the ventilating passages 18a and 
18bj while cooling the inside of the stator^ ^on core 2 and 
stator coils 4. The coolant component {having} reached the 
ventilating passages 18a and 18b cools the outer peripheral 
side of the stator iron core 2[,J and flows from the 
ventilating passages 18a and 18b to the cooler 28ajia^the 
ventilating passage 21. The coolant component (Having) /i 
reached the cooler 28a is cooled by the cooler 28a£) and 
flows from the cooler 28a to the suction side of the fan 13 
via a ventilating passage 25. 
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The coolant component branched on the ventilating 
passage 23 side flows radially in a ventilating passage 23 
to the ventilating passage 20^ while cooling the end portion 
of the stator iron core 2 and the coil end^pgrtions of the 
stator coils 4 . The coolant component (having)jreached the 
ventilating passage 20 flows axially in the ventilating^ ^ ^ 
passage 20 to the cooler 28b. The coolant component {having^ 
reached the cooler 28b is cooled by the cooler 28b[J and 
flows from the cooler 28b to the ventilating passage 18c. 
The coolant component (having) j reached the ventilating 
passage 18c cools the outer peripheral side of the stator 
iron core 2f.) and flows in the ventilating .passage 18c to 
the ventilating duct 5 (communicated tojjthe ventilating 

passage 18c. ,JUJk 

The coolant component ^(having) reached the ventilating 
duct 5 (communicated to^the ventilating passage 18c flows in 
the ventilating duct 5 from the outer peripheral side to 
the inner peripheral side of the stator iron core 2. that 
is, to the air gap 6j while cooling the inside of the stator 
iron core 2 and the stator coils 4. The coolant component 
(havingji reached the air gap 6 flows axially in the air gap 6 
to the ventilating ducts 5 (communicated to}jthe ventilating 
passages 18a and lSb^ while cooling the inner peripheral 
side of the stator iron core 2. The coolant component 
(Having)^reached the ventilating ducts 5 (communicated toj^the 
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ventilating passages 18a and 18b flows in the ventilating 
ducts 5 together with the above -described coolant component 
(having^ been branched from the discharge side of the fan 13 
onto the air gap 6 side. 

According to this embodiment, part of the coolant 
cooled by the cooler 28a (or 28c) and boosted by the fan 13 
is branched; and^the coolant component thus branched is 
cooled by the cooler 28c, being introduced to the 
ventilating passage 18c positioned at the central portion 
(in_ the axial direction) of the stator iron core 2 , and is 
allowed to flow from the outer peripheral side to the inner 
peripheral side of the stator iron core 2. Accordingly, it 
is possible to supply the coolant; suf f iciently cooled by 
the cooler^ to the central portion (in the axial direction] of . 
the stator iron core 2 . 

As a result, according to this embodiment, the 
central portion jin the axial direction) of the stator iron 
core 2^ at which the temperature of the supplied coolant 
tends to become highest and the amount of the supplied 
coolant tends to become smallestjcan be cooled by the 
coolant/ sufficiently cooled by the cooler, so that it is 
possible to suppress local heat generation in the air gap 6, 
and hence to level the axial temperature rise distribution 
in the generator. 
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(Fourth Embodiment) 

Fig. 8 shows a configuration of a turbine generator 
according to a fourth embodiment. This embodiment is a 
combination (example] of the second and third embodiments, 
characterized in that the axial length of the turbine 
generator in this embodiment is (further) longer than that of 
the turbine generator in the third embodiment. Ventilating 
passages 18a to 18g, which continuously extend in the 
peripheral direction, are provided between a' stator frame 1 
and a stator iron core 2 in parallel to each other in the 
axial direction. ^^J^^ 3 ^^ 9 P assages 18a ' 18 °' 186 
and 18g are^m^icated tc^a ventila ^ g J^ a 3J^ ge > Ji' ^ 
the ventilating passage 18d is (communicated t§, a 
ventilating passage 20. A ventilating passage 31 for - - 

(ocnmSSSJ^^a ventilating passage 23 to the vent^t^ 
passage 18b and a ventilating passage 32 for (communicating^ 
a ventilating passage 24 to the ventilating passage 18f are 
provided between the stator frame 1 and the stator iron 
core 2 in such a manner as to be right-left symmetrical 
with respect to a center line 14. 

Coolers 28a and 28e are provided in the ventilating 
passage 21 in such a manner as to be right-left symmetrical 
with respect to the center line 14. A cooler 28c is 
provided in the ventilating passage 20 at a portion 
^^Z^^%^^nt^±n g passage 18d. The cooler 
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28c is smaller in size or (cooing))capacity than each of the 
coolers 28a and 28e. Coolers 28b and 28d are provided in 
the ventilating passage 31 in such a manner as to be right - 
left symmetrical with respect to the center line 14. The 
coolers 28b and 28d are each smaller (than} in size or 
cooling capacity than each of the coolers 28a and 28e. 

The other {configuration] jof this embodiment \is)j the 
same as ^hat)/of each of the second and third embodxments . 
andj therefore, (the overlapped)/ description thereof is 
omitted. In addition, since the ventilating passages and 
coolers are respectively right -left symmetrical with 
respect to the center line 14. and also the flow of a 
coolant and the temperature rise characteristic are 
respectively right-left symmetricaljith respect to the ' • 
center line 14. the configuration onjone side [from}/ the 
center line 14 will be described below. 

The flow of a coolant will be described (belo^. When 
a fan 13 is rotated along with rotation of a rotating shaft 
9 . a coolant enclosed in the generator is boosted^ and is 
allowed to flow in respective ventilating passages. The 
coolant discharged on the discharge side of the fan 13 is 
branchedJLn^Ca>co m P onent on a ventilating passage 23 side 
and (the other)) component on an air gap 6 side. The coolant 

component branched on the air ga ^J^J^^ u M ^ 
gap 6 to ventilating ducts 5 (communicated to^the 
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ventilating passages 18a and 18c while cooling the inner 
peripheral side of the stator iro^<^e 2. 

The coolant component. [having] j reached the ventilating 
ducts 5 [communicated tojjthe ventilating passages 18a and 
18c flows in the ventilating ducts 5 from the inner 
peripheral side to the outer peripheral side of the stator 
iron core 2, that is, to the ventilating passages 18a and 
18cj while cooling the inside of the statw^^core 2 and 
stator coils 4. The coolant component [Eavin^ reached the 
ventilating passages 18a and 18c cools the outer peripheral 
side of the stator iron core 2^J and flows from the 
ventilating passages 18a and 18c to the cooler 28a via the 
ventilating passage 21. The coolant component (havin^^^ ^ 
reached the cooler 28a is cooled by the cooler 28a[,} and 
flows from the cooler 28a to the suction side of the fan 13 
via a ventilating passage 25. 

The coolant component branched onto the ventilating 
passage 23 side flows radially in the ventilating passage 
23 to the ventilating passages 20 and 31^ while cooling the 
end portion of the stator iron core 2 and the coil end 
portions of the stator coils 4 . The coolant component 
^avingj^reached the ventilating passage 20 flows axially in 
the ventilating passage 20 to the cooler 28c. The coolant 
component (havingjjt reached the cooler 28c is cooled by the 
cooler 28cQ and flows from the cooler 28c to the 
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ventilating passage 18d. The coolant component (having^; 
reached the ventilating passage 18d cools the outer 
peripheral side of the stator iron core 2[,] and flows in the 
ventilating passage. 18d to the ventilating duct 5 

s-^r* St^S^^t- SK^S^^X 

(communicated toVthe ventilating, passage 18d. 

The coolant cornponentj.^avingj reached the ventilating 
duct 5 Communicated to) the ventilating passage 18d flows in 
the ventilating duct 5 from the outer peripheral side to 
the inner peripheral side of the stator iron' core 2, that 
is, to the air gap 6^ while cooling the inside of the stator 



iron core 2 and the stator coils 4. The coolant component 
\havingjj reached the air gap 6 flows axially ir \^ e air 9 a P 6 



to the ventilating ducts 5 (communicated toj^the ventilating 
passages 18a and 18c while cooling the inner peripheral ' . 
side of .the stator iron core 2. The coolant component *a 
^avingj^reached the ventilating ducts 5 [communicated to)jthe 
ventilating passages 18a and 18c flows in the ventilating 
ducts 5 together with the above -described coolant component 
(Eaving}J|been branched from the discharge side of the fan 13 

onto the air gap 6 side. U/ fi^^Jk 0^>o 

The coolant component (having^reached the ventilating 

passage 31 flows axially in the ventil |^^^) l J^ SSa9e 31 t0 
the cooler 28b. The coolant componentj^having reached the 
cooler 28b is cooled by the cooler 28bQ and flows from the 
cooler 28b to the ventilating passage 18b. The coolant 
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component Shaving^ reached the ventilating passage 18b cools 
the outer peripheral side of the stator,(io^ core 20 and 
flows in the ventilating passage 18b to the ventilating 
duct 5 (communicated to) the ventijajing passage 18b. 

The coolant component (having^reached the ventilating 
duct 5 (communicated tojjthe ventilating passage 18b flows in 
the ventilating duct 5 from the outer peripheral side to 
the inner peripheral side of the stator iron core 2, that 
is, to the air gap 6^ while cooling the inside of the stator 
iron core 2 and the stator coils 4. The coolant component 
(Raving) yreached the air gap 6 flows axially in ^A the air 9 a P 6 
to the ventilating ducts 5 gommunicated teethe ventilating 
passages 18a and 18cjwhile cooling the inner peripheral 
side of the stator iron core 2. The coolant component "Jj 
(having^reached the ventilating ducts 5 ^communicated to^the 
ventilating passages 18a and 18c flows in the ventilating 
ducts 5 together with the above -described coolant component 
(havinjjbeen branched from the discharge side of the fan 13 
onto the air gap 6 side. 

According to this embodiment, part of the coolant 
cooled by the cooler 28a (or 28e) and boosted by the fan 13 
is branched; andj the coolant component thus branched is 
cooled by the cooler 28c, being introduced to the 
ventilating passage 18d positioned at the central portion 
(in the axial direct ion] of the stator iron core 2 . and is 
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allowed to flow from the outer peripheral side to the inner 
peripheral side of the stator iron core 2. Accordingly, it 

rr -, — - ant ^suf f iciently cooled by 

the cooler^ to the central portion (in the axial direction/ of 
the stator iron core 2. 

As a result, according to this embodiment, the 
central portion £n the axial direction] of the stator iron 
core 2^ at which the temperature of the supplied coolant 
tends to become highest and the amount of the supplied 
coolant tends to become smallest) can be cooled by the 
coolant, sufficiently cooled by the cooler, so that it is 
possible to suppress local heat generation in the air gap 6, 
and hence to level the axial temperature rise distribution 
in the generator. 
(Fifth Embodiment) 

Fig. 9 shows a configuration of a turbine generator 
according to a fifth embodiment. This embodiment is an 
(example improved fromjjthe first embodiment, which is 
effective ^o^the case where the axial length of a stator 
iron core 2 becomes longer. In this embodiment, the axial 
interval between^ adjacent (two of the] ventilating ducts 5 
provided in the stator iron core 2 is set at a large value 
in a first ventilating circuit 2SQ) and is set at a small 
value in each of second and third ventilating circuits 30 
and 31. which (isjjlkrger in ventilating distance and thermal 
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load than the first ventilating circuit 29. The (other], 
configuration is the same as that of the first embodiment, 
and therefore, (the overlappedj/description thereof is 
omitted. 

According to this embodiment, since the axial 
interval be tween A adjacent (two of the] ventilating ducts 5 
differs among the ventilating circuits 29, 30 and 31. it is 
possible to [make smaller);the amount of [ajcoolant flowing in 
the first ventilating circuit 29, which is close to ^a); fan 13^ 
and thereby (shorter inj^ ventilating distance and (make largerjw-^* 
the amount of £he\ coolant flowing in each of the second and 
third ventilating circuits 30 and 31^ which (is;; distant from 
a fan 13 and thereby longer in ventilating distance, and 
hence to improve the effect of cooling the central portion 
(In the axial direction) of the stator iron core 2 and its 

neighborhood . 

Further, in this embodiment, since the axial 
interval be tween^fthe) adjacent [two of the] ventilating ducts 



5 differs among the ventilating circuits, it is possible to 
increase the cooling area of the central portion (in the] 
faxial direction) of the stator iron core 2 and its 

^ yv>-A<A^i^~^ 

neighborhood by (making small) | the exposed area of the stator 
iron core 2 and stator coils 4 in the first ventilating , 
circuit 29 j which £s) ; small (in} thermal load ; and (making large], 
the exposed area of the stator iron core 2 and the stator 
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coils 4 in each of the second and third ventilating 
circuits 20 and 31^ which (Lg j large (in) ventilating distance 
and thermal load, and hence to further improve the effect 
of cooling the central portion (In the axial direction] of 
the stator iron core 2 and its neighborhood. 

It should be noted that this embodiment has been 
described as [the example improved fromjjthe first 
embodiment; however, the configuration of this embodiment 
may be applied to the other embodiments^ 
(Sixth Embodiment) 

Figs. 10 to 12 show a configuration of a turbine 
generator according to a sixth embodiment. This embodiment 
is a variation of the first embodiment, in which the 
coolers 28 and the ventilating passages 20 and 21 provided 
in the lower portion of the generator in the first 
embodiment are provided in both a front portion (front 
surface side) and a rear portion (back surface side) of the 
generator. The coolers placed in the vertical direction 
are aligned in a row in the axial direction on the front 
and back surfaces of the generator in such a manner as to 
project therefrom. 

A cooler 28a provided in a ventilating passage 18a, 
a cooler 28c provided in a ventilating passage 18c, a 
cooler 28e provided in a ventilating passage 18e, and a 
cooler 28g provided in a ventilating passage 18g are 



O^SSO^aZ^S ,033100 



38 



arranged on the front portion of the generator in such a 
manner as to be right-left symmetrical with respectj^a^^ 
center line 14. A ventilating passage 21 (Communicated to]; 
the ventilating passages 18a, 18c, 18e, and 18g is provided 
in the front portion of the generator. 

A cooler 28b provided in a ventilating passage 18b, 
a cooler 28d provided in a ventilating passage 18d, and a 
cooler 28f provided in a ventilating passage 18f are 
arranged on the rear portion of the generator in such a 
manner as to be right -left symmetrical with respect to the 4£ 
center line 14. A ventilating passage 20 (communicated vS)^ 
the ventilating passages 18b, 18d, and 18e is provided in 
the front portion of the generator. The ^the^A^^^ °\ 
configuration is the same as that of the first embodiment/ 
and therefore, foyerlappe^jdescription thereof is omitted. 

According to this embodiment, the coolers 28a, 28c, 
28e, and 28g are arranged on one side (front portion of the 
generator) of a space between a stator frame 1 and a stator 
iron core 2 [.opposed to each other with respect to a 
rotating shaft 9, and the coolers 28b, 28d, and 28f are 
arranged on the other side (rear portion of the generator) 
of the space. Accordingly, in the first, second, and third 
ventilating circuits 29, 30 and 31, a region in which a 
coolant flows from the inner peripheral side to the outer 
peripheral side of the stator iron core 2 and then passes 
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through the coolers 28 can be formed in the front portion 
of the generator, and a region in which the coolant passes 
through the coolers 28 and then flows from the outer 
peripheral side to the inner peripheral side of the stator 
iron core 2 can be formed in the rear portion of the 
generator. As a result, it is possible to eliminate the 
intersection of the ventilating passages in which the 
coolant flows, and hence to reduce the ventilating 
resistance of the coolant. This makes it possible to 
increase the amount of the coolant (sufficiently cooled) to 
be supplied to the central portion (of the axial direction) 
of the stator iron core 2 and its neighborhood, and hence 
to further improve the effect of cooling the central 
portion (in the axial direction) of the stator iron core 2". - . 

In this embodiment, description has been made by way 
of the example in which the coolers are arranged in both 
the front and rear portions of the generator; however, the 
same effect can be obtained even by adopting an example in 
which the coolers are arranged in both the upper and lower 
portions of the generator. 
(Seventh Embodiment) 

Fig. 13 shows a configuration of a turbine generator 
according to a seventh embodiment. The turbine generator 
in this embodiment is of an open- type in which the inside 
of the generator is cooled by atmospheric air sucked in the 
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generator. In the figure, reference numeral 50 designates 
a stator frame. A cylindrical stator iron core 51 is 
provided inside the stator frame 50. A plurality of slots, 
which continuously extend in the axial direction, are 
formed in an inner peripheral portion of the stator iron 
core 51 in such a manner as to extend in the peripheral 
direction. Stator coils 52 are enclosed in the slots. A 
plurality of ventilating ducts 53, which continuously 
extend in the radial direction, are formed in the stator 
iron core 51 in such a manner as to be spaced from each 
other at equal intervals in the axial direction. 

A rotor iron core 55 is provided on the inner 
peripheral side of the stator iron core 51 with an air gap 
54 (put)) between the rotor iron core 55 and the stator iron, 
core 51. A plurality of slots, which continuously extend 
in the axial direction, are formed in an outer peripheral 
portion of the rotor iron core 55 in such a manner as to 
extend in the peripheral direction, and rotor coils are 
enclosed in the slots. Cylindrical retaining rings 56 for 
pressing both ends of the rotor coils are provided at both 
ends of the rotor iron core 55. A rotating shaft 57 is 
provided integrally with the rotor iron core 55 in such a 
manner as to extend in the axial direction along the 
central axis of the rotor iron core 55. 



Annular end brackets 58 functioning as block members 

are provided at both axial ends of the stator frame 50 . A 

bearing apparatus for rotatably supporting the rotating 

shaft 57 is provided on the inner peripheral side of each 

end bracket 58. A current collector for supplying [aj power 

to the rotor coils during rotation is provided at one end 

(outside the bearing apparatus) of the rotating shaft 57. 

A connecting portion connected to a turbine j as a (rotatin^-^^ 

A 

source of the generator is formed at the other end (outside 
the bearing apparatus) of the rotating shaft 57. 

Fans 59 for boosting a coolant sucked in the 
generator and circulating it in the generator are provided 
at both ends (inside the bearing apparatuses) of the 
rotating shaft 57. While the fans 59 are used as the' 
boosters for boosting [a] Icoolant in this embodiment, other 
types of boosters may be used. The fans 59 provided at 
both (the) ends (outside the bearing apparatuses) of the 
rotating shaft 57 are right-left symmetrical with respect 
to a center line 60. The center line 60 is a bisector 
which crosses the rotating shaft 5jj7^ at right angles at such 
a position as to equally divide (a)\ distance between the end 
brackets 58 into two right-left symmetric parts. 

An air suction hole 61 for sucking atmospheric air 
in the generator is provided on the inner peripheral side 
of each end bracket 58 in such a manner as to face (to) the 
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fan 59. An air discharge hole 62 for discharging the 
atmospheric air (having^been sucked in the generator to the 
outside of the generator is provided on the outer 
peripheral side of each end bracket 58. 

Ventilating passages 63a to 63g, which continuously 
extend in the peripheral direction, are provided between 
the stator frame 50 and the stator iron core 51 in parallel 
(t3)jeach other in the axial direction. The ventilating 
passages 63a to 63g are formed by a plurality of annular 
partition plates 64 for partitioning a space between the 
stator frame 50 and the stator iron core 51 in the axial 
direction, the inner surface of the stator frame 50, and 
the outer peripheral surface of the stator iron core 51, 
and are (communicated to^the ventilating ducts 53. The 
ventilating passages 63a to 63g are right-left symmetrical 
with respect to the center line 60. 

Ventilating passages 65 and 66, which continuously 
extend in the radial direction, are provided between the 
stator iron core 51 and the end bracket 58. The 
ventilating passages 65 and 66 are right-left symmetrical 



with respect to the center line 60. Ve ntilating passages 
67 and 68, which [communicat^the air suction holes 61 (to) 
the fans 59 and continuously extend in the axial direction, 
are provided between the end brackets 58 and the fans 59. 
The ventilating passages 67 and 68 are formed by 
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partitioning spaces between the stator iron core 51 and the 
end brackets 58 by means of cylindrical partitioning plates 
69, and are right-left symmetrical with respect to the 

center line 60. jl 

A ventilating passage 70, which (coiranunicatesj) the 
ventilating passages 65 and 66 to the ventilating passages 
63b, 63d and 63f and continuously extends in the axial 
direction, is provided in the lower portion of the . 
generator. A ventilating passage 71. which gpmmunicates) j 
the air discharge holes 62 to the ventilating passages 63a, 
63c. 63e and 63g and continuously extends in the axial 
direction, is also provided in the lower portion of the 
generator. 

Coolers 72 for cooling the coolant (having^ been - . 

sucked from the outside of the generator are provided in 
the ventilating passages 63b, 63d and 63f. The coolers 72a 
to 72c are arranged in a lower portion of the generator in 
such a manner as to be aligned in a row in the axial 
direction. It should be noted that the coolers 72a to 72c 
may be arranged in an upper portion of the generator. The 
coolers 72a to 72c are right-left symmetrical with respect 
to the center line 60. A pipe line for supplying cooling 
water and a pipe line for discharging the cooling water are 
connected to each of the coolers 72a to 72c. The coolers 
72a to 72c are identical to each other in terms of cooling 
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capacity. 

A plurality of ventilating circuits including the 
above-described ventilating passages are formed in the 
generator. A first ventilating circuit 73, a second 
ventilating circuit 74, and a third ventilating circuit 75 

r ^ 

are formed on one side (left side in Fig. 13) (from]|/the 
center line 60, and^ similar ly^ three ventilating circuits 
are formed on the other side (right side in Fig. 13) (from)^ 
the center line 60. The three ventilating circuits formed 
on the one side (froi^)jl:he center line 60 are right-left 
symmetrical to the three ventilating circuits formed on the 
other side (^romjjlhe center line 60. Further, the flow of fa) 
coolant and the temperature rise characteristic on the one 
side ^romj/ihe center line 60 are right -left symmetrical to . 
those on the other side ^rori^the center line 60. Therefore, 
the configuration of the ventilating circuits and the flow 
of ^a) coolant^ on the one side (from^the center line 60 will 
be described below. 

The first ventilating circuit 73 is an open loop 
shown by a solid arrow in Fig. 13, which extends from the 
air suction hole 61 to the fan 59 via the ventilating 
passage 67, and further extends from the fan 59 to the air 
discharge hole 62 via the air gap 54, ventilating duct 53, 
ventilating passage 63a, and ventilating passage 71. 
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The second ventilating circuit 74 is an open loop 
shown by a dotted arrow in Fig. 13, which extends from the 
air suction hole 61 to the fan 59 via the ventilating 
passage 67, further extending from the fan 59 t^the cooler 
72a via the ventilating passages 65 and 70, and^ extends 
from the cooler 72a to the air discharge hole 62 via the 
ventilating passage 63b, ventilating duct 53, air gap 54, 
ventilating duct 53, and ventilating passages 63c and 71. 

The third ventilating circuit 75 is an open loop 
shown by a dotted arrow in Fig. 13, which extends from the 
air suction hole 61 to the fan 59 via the ventilating 
passage 67, further extending from the fan 59 to the cooler 
72b via the ventilating passages 65 and 70, andj extends 
from the cooler 72b to the air discharge hole 62 via *the~ - 
ventilating passage 63d, ventilating duct 53, air gap 54, 
ventilating duct 53, and ventilating passages 63c and 71. 

The flow of [a) coolant will be described below. First, 
atmospheric air, which is sucked from the air suction hole 
61 into the generator by rotation of the fan 59, reaches 
the air suction side of the fan 59 via the ventilating 
passage 67. The atmospheric air is boosted by the fan 59, 
and is allowed to flow from the discharge side of the fan 
59 to respective ventilating circuits. 

In the first ventilating circuit 73, the atmospheric 
air boosted by the fan 59 flows axially in the air gap 54 
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to the ventilating duct 53 [communicated to]) the ventilating 
passage 63a while cooling the inner peripheral side of the 
stator iron core 51. Th€ J^J^^ 

the ventilating duct 5 3j( (communicated to) the ventilating 
passage 63a flows in the ventilating duct 53 from the inner 
peripheral side to the outer peripheral side of the stator 
iron core 51, that is, to the ventilating passage 63aj while 
cooling the inside of the stator iron core 51 and the 
stator coils 52. The atmospheric air^havingj reached the 
ventilating passage 18a cools the outer peripheral side of 
the stator iron core 5l£j and flows from the ventilating 
passage 18a to the air discharge hole 62 via the 
ventilating passage 71. 

In the second ventilating circuit 74, the * " * 

atmospheric air boosted by the fan 59 flows radially in the 
ventilating passage 65 to the ventilating passage 70^ while 
cooling the end portion of the stator iron core 51 and the 
coil end portions of the stator coils 52. The atmospheric 
air [having^reached the ventilating passage 70 flows axially 
in the ventilating passage 70 to the cooler 72a. The 
atmospheric air (having^reached the cooler 72a is cooled by 
the cooler 72a£Jand flows in the ventilating passage 63b in 
the peripheral direction^ while cooling the outer peripheral 
side of the stator iron £P\re 51, and reaches the ventilating 
duct 53 (communicated to^the ventilating passage 63b. 
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The atmospheric air^(having\ reached (to) the 
ventilating duct 5 3 ^/communicated toj the ventilating passage 
63b flows in the ventilating duct 53 from the outer 
peripheral side to the inner peripheral side of the stator 
iron core 51, that is, to the air gap 54j while cooling the 
inside of the stator iron core 51 and the stator coils 52. 
The atmospheric air^havingj reached the air gap 54 flows 
axially in the air. gap 54 to the ventilating duct 53 
(communicated tojjthe ventilating passage 63Cj while cooling 
the inner peripheral side of the stator iron core 51. 

The atmospheric air^having reached the ventilating 
duct 53 (communicated tojjjihe ventilating passage 63c flows 
in the ventilating duct 53 from the inner peripheral side 
to the outer peripheral side of the stator iron core '51/ . 
that is, to the ventilating passage 63c^ while cooling the 
inside of the stator iron core 51 and the stator coils 52. 
The atmospheric air ^avin^jjreached the ventilating passage 
63c cools the outer peripheral side of the stator iron core 
5lQ and flows from the ventilating passage 63c to the air 
discharge hole 62 via the ventilating passage 71. 

In the third ventilating circuit 75, the atmospheric 
air boosted by the fan 59 flows in the ventilating passage 
65 to the ventilating passage 70 while cooling the end 
portion of the stator iron core 51 and the coil end 
portions of the stator coils 52. The atmospheric air 
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[having^ reached the ventilating passage 70 flows axially in 
the ventilating passage 70 to the cooler 72b. The 
atmospheric air (having^ reached the cooler 72b is cooled by 
the cooler 72b(T) and flows in the ventilating passage 63d in 
the peripheral direction^ while cooling the outer peripheral 
side of the stator iron core 51 and reaches the ventilating 
duct 53 jcommunicated toj^the ventilating passage 63d. 

The atmospheric air^iavingjjreached the ventilating 
duct 53 (communicated tb)jthe ventilating passage 63d flows 
in the ventilating duct 53 from the outer peripheral side 
to the inner peripheral side of the stator iron core 51, 
that is, to the air gap 54^ while cooling the inside of the 
stator iron core 51 and the stator coils 52. The 
atmospheric air jfhavingj reached the air gap 54 flows axial] 



in the air gap 54 to the ventilating duct 53 [communicated]^ 
\to) the ventilating passage 63c^ while cooling the inner 
peripheral side of the stator irpn^core 51. 

The atmospheric (having||reached the ventilating 
duct 53 [communicated to^the ventilating passage 63c flows 
in the ventilating duct 53 from the inner peripheral side 
to the outer peripheral side of the stator iron core 51, 
that is, to the ventilating passage 63c^ while cooling the 
inside of the stator iron core 51 and the stator coils 52. 
The atmospheric air (having^reached the ventilating passage 
63c cools the outer peripheral side of the stator iron core 
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5l£,J and flows from the ventilating passage 63c to the air 
discharge hole 62 via the ventilating passage 71. 

r ik 

According to |xhis)j embodiment configured as described 
above, the atmospheric air sucked from the outside of the 
generator and boosted by the fan 59 is introduced to the 
ventilating passage 63d positioned at the central portion 
(in the axial direction) of the stator iron core 51, being 
cooled by the cooler 72b, and is allowed to flow from the 
outer peripheral side to the inner peripheral side of the 
stator iron core^5a, p so that it is possible to supply the 
atmospheric air j sufficiently cooledj to the central portion 
^in the axial direction] of the stator iron core 51. 

Accordingly, the central portion ^n the axiaj 
^irection) of the stator iron core Sl^at which the * ' - 
temperature of the supplied atmospheric air tends to become 
highest and the amount of the supplied atmospheric air 
tends to become smallest, can be cooled by the atmospheric 
airj^suf f iciently cooled by the cooler, and thereby^ local 
heat generation in the air gap 54 can be suppressed. This 
makes it possible to level the axial temperature rise 
distribution in the generator and hence to suppress the 
thermal oscillation stroke of the rotor. 
(Eighth Embodiment) 

Fig. 14 shows a configuration of a turbine generator 
according to an eighth embodiment . This embodiment is a 



